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Abstract

Drosophila melanogaster is used as a model system to investigate protein changes associated with
the aging process under conditions that alter organism lifespan. Changes in the proteome are assessed
at various ages in populations of Oregon-R adult males that have mean lifetimes of 47 and 111 days
at 28 and 18 °C, respectively. Peptide hits detected from strong-cation-exchange and reversed-phase
liquid chromatography coupled to tandem mass spectrometry analysis are employed to examine
patterns in relative protein expression. Thirty-three proteins were identified as having similar patterns
of expression at both temperatures investigated when scaling the organism age to lifespan. In addition,
the proteins ferritin 2 light chain homologue and larval serum protein 1p were identified in relatively
high abundance and displayed distinctly different patterns of expression between the two
temperatures. Overall, the results support the notion that aspects of the aging process may be
preprogrammed at the protein level.
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Introduction

Generally, chronological age (i.e., calendar time in days, months, or years) is used to
characterize deteriorative changes that occur over the course of an organisms’ lifespan.1:2
However, several studies have demonstrated that molecular measures, such as gene expression,
can better describe events associated with aging. 3 ~ 5 For example, physiological (i.e.,
morphological changes at the organ, tissue, and/or subcellular levels) changes in human muscle
tissue were correlated with the expression of 250 age-regulated genes in genome-wide studies.
5> Age-regulated transcriptional profiles provided accurate measurements of changes in a
middle-aged individual that had undergone considerable aging in muscle tissue (similar to
characteristics in individuals 10 to 20 years older).5 These results were also verified in the
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muscle physiology and thus, genetic measurements may serve as sensitive methods to assess
age-related changes.

In Drosophila melanogaster (also known as fruit flies, and hereafter referred to as
Drosophila), temporal patterns of gene expression were monitored in the antennae of adult
animals using enhancer trap and reporter gene techniques.® — 8 From these studies, it was
demonstrated that the expression of individual genes can scale to lifespan. These results were
obtained under ambient temperature conditions whereby animals exhibit a three-fold change
in lifespan and in genetic mutants that age at faster rates.5=8 Candidate genes were identified
as molecular markers of aging because the change in expression was more indicative of
organism age than chronological age alone.5~8 Overall, molecular measurements that examine
lifespan effects in response to genetic or environmental perturbations can help to unravel the
complexities of the aging process.?

The goal of the present work was to determine if there are differences in protein expression
for Drosophila aged under conditions that alter the rate of aging and influence organism
lifespan. Drosophila is a poikilothermic organism that has temperature-dependent life spans.
10-14 | these studies, the mean lifespan of animals aged at 18 °C is greater than a factor of
two in comparison to animals aged at 28 °C; the maximum lifespan is approximately a factor
of three times greater. Drosophila were harvested at several ages throughout adult lifespan at
both of the temperatures investigated. Proteins extracted from the heads of flies were analyzed
using a shotgun proteomics approach that employed strong-cation-exchange (SCX)
chromatography coupled to reversed-phase liquid chromatography (LC) and tandem mass
spectrometry (MS/MS) techniques. A semi-quantitative measure of relative abundance was
used to examine changes in protein expression profiles across adult lifespan.

Experimental Procedures

Drosophila lifespan experiments

Populations of Oregon-R (Bloomington Stock Center, Indiana University) males reared at 24
°C were sorted into cohorts of ~50 flies per vial within 48 hours of eclosure. This allowed the
males sufficient time to mate at least once before being segregated from females. Two
populations of ~1000 total animals each were transferred to temperature controlled incubators
at either 28 or 18 °C and exposed to alternating cycles of 12 h light/12 h darkness. Animals
were transferred to fresh cornmeal media every four days at which time deaths were recorded
for lifespan experiments.

Drosophila harvesting

Batches of animals grown up at 24 °C were separated into cohorts of ~50 animals per vial
within 24 hours post-eclosion. Two populations of ~6000 animals were aged at 28 and 18 °C,
respectively. Two hundred heads were harvested from animals as follows: at 28 °C animals
were harvested at two, twelve, 22, 32, 36, 42, 46, 50, 52, and, 56 days (after eclosure); and, at
18 °C animals were harvested at two, 22, 42, 62, 82, 102, 112, 122, 132, and, 142 days. Heads
were stored at —80 °C until further use.

Sample preparation

Heads were suspended in a phosphate buffer saline solution (containing 4.0 M urea and 0.1
mM a-toluenesulfonyl fluoride) and proteins were extracted using a motorized pestle
(KONTES glass company, Vineland, NJ). The Bradford assay indicated protein amounts of
~1-2 mg. Tryptic peptide mixtures were generated as follows. Proteins were reduced with
dithiothreitol at a protein:reagent molar ratio of 1:40 at 37 °C for 2 h and alkylated with
iodoacetamide at a molar ratio of 1:80 at 0 °C for 2 h in darkness. A 1:40 molar ratio of
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protein:L-cysteine was used to quench the reaction for 30 min at ambient temperature. The
final urea concentration was reduced to 2.0 M with 0.2 M Tris buffer (10 mM CaCly,, pH =
8.0). TPCK-treated trypsin (Sigma-Aldrich, St. Louis, MO) was added at 2% w/w (mass of
enzyme to that of protein) to protein solutions and incubated for 24 h at 37 °C. Peptide mixtures
were desalted with Oasis HLB cartridges (Waters Inc., Milford, MA), dried with centrifugal
evaporation, and stored at —80 °C until further use.

Strong-cation-exchange chromatography

LC-MS/MS

A LC system (600 Pump, 2487 Dual Wavelength detector, Waters Inc., Milford, MA) was used
for strong-cation-exchange fractionation of tryptic peptide mixtures. Tryptic peptides (~1.2
mg) were injected onto a PolySulfoethyl A column (2.1 mm i.d. x 100 mm, 5 um, 300 A;
PolyLC, Inc., Columbia, MD). Mobile phases consisted of 5 mM potassium phosphate in 75:25
water:acetonitrile at pH = 3.0 (solvent A) and solvent A with the addition of 350 mM KClI
(solvent B). The gradient was delivered at a flow rate of 0.20 mL- min~?1 as follows: 0% B for
5 min, 40% B in 40 min, 80% B in 45 min, 100% B in 10 min, and, hold 100% B for 10 min.
Peptide absorbance was monitored with UV detection at X = 214 nm. One minute intervals
were collected into 96 well plates and pooled into six fractions. Fractions were cleaned with
Oasis HLB cartridges, dried and resuspended in 0.1% formic acid for reversed-phase analysis.

A commercial LCQ Deca XP MS (Thermo Electron Corporation, Waltham, MA) was used to
perform triplicate LC-MS/MS experiments of each individual fraction. Samples were injected
onto a trapping column (100 um i.d. x 1.5 cm; New Objective Inc., Woburn, MA) packed with
5 um, 200 A Magic C18AQ (Microm BioResources Inc., Auburn, CA) at a flow rate of 4
uL-min~L, Pulled tip fused silica analytical columns were prepared in-house (75 pum i.d. x 150
mm; Polymicro Technology LLC, Phoenix, AZ) and packed with a methanol slurry consisting
of 5 um, 100 A Magic C18AQ (Microm BioResources Inc., Auburn, CA). Mobile phases,
96.95:2.95:0.1 water:acetonitrile:formic acid (solvent A) and 99.9:0.1 acetonitrile:formic acid
(solvent B), were delivered at a flow rate of 250 nL-min~1. Two reversed-phase gradients were
used to separate individual SCX fractions that were optimized for the number of components
in each fraction. The 15t, 2", and 6™ fractions of each sample were separated with the following
gradient: 0-5% B in 5 min, 5-20% B in 50 min, 20-40% B in 40 min, 40-80% B in 5 min,
80% B for 10 min, 80-0% B in 5 min, and, hold 0% B for 15 min. The 34, 41, and 5t fractions
were separated with a longer gradient: 0-5% B in 5 min, 5-20% B in 95 min, 20-40% B in 75
min, 40-80% B in 15 min, 80% B for 10 min, 80-0% B in 5 min, 0% B for 15 min. MS
parameters for data dependent acquisition included a mass-to-charge range of 300-1800, 35%
normalized collision energy, and, a dynamic exclusion time of one min.

Protein identification

Mass lists of precursor and fragment ions were submitted to MASCOTZ® for database searching
against the National Center for Biotechnology Information Drosophila protein database.16
Individual gi| accessions were cross correlated with FBgn accession numbers in the Flybase
databasel” for final protein assignments. The parameters for the MASCOT search allowed two
trypsin miscleavages, a fixed carbamidomethyl modification, and parent and fragment mass
tolerances of 1.5 and 0.8 Da, respectively. Only peptides having MASCOT scores at or above
homology (which indicates less than a 5% chance of occurring at random) were considered for
further analysis. Gene ontology (GO)!8 information was used to associate individual proteins
with biological processes.
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analysis

Relative changes in protein abundance were assessed with a peptide hits analysis which
considers the total number of observations of peptides matching to particular proteins in the
datasets.1=22 Three back-to-back runs of individual SCX fractions were carried out and the
total number of peptide hits from individual proteins was combined and treated as a single
analysis. In order to account for variations in the total number of hits obtained for a single
experiment, peptide hits for individual proteins were normalized to the total number of peptide
hits obtained for each individual sample. This approach is analogous to label-free techniques
such as spectral counting.

Results and Discussion

Drosophila lifespan as a function of different ambient temperature

Figure 1 shows the survivorship of adult male Oregon-R that were reared at 24 °C and allowed
to age at 28 or 18 °C. From this survival curve, it appears that the maximum lifespan of the
population aged at 18 °C is three times greater than the population aged at 28 °C. The results
from twenty independent trials of lifespan measurements are listed in Table I. The average
lifespans and standard deviations are 47+13 days (N=1003, where N represents the total number
of flies) and 111+38 days (N=973) at 28 and 18 °C, respectively. A significant difference in
mean lifespan (using a pairwise student’s t-test, P<6x10716) is observed between the flies aged
at 28 and 18 °C. These results are consistent with previously published reports of
Drosophila survival at different environmental temperatures.11:14

Summary of assignments from SCX-LC-MS/MS analyses

Peptide hits

It is worthwhile to provide a summary of the overall assignments obtained from these
experiments, although the following discussion focuses on only a subset of the proteins
identified from these analyses. The total number of peptides identified across all ages was 8,716
and 7,508 leading to the assignment of 760 and 761 proteins at 28 and 18 °C, respectively.
Additionally, a total of 17,613 and 13,606 peptide hits (i.e., spectral counts) were detected for
all age samples across the 28 and 18 °C datasets, respectively. Cumulative results provide
evidence for 1,019 unique protein assignments. We note that 66% (668 proteins) of these
identifications were assigned with at least two peptide hits and that caution should be taken
with regards to proteins identified with a single peptide as these data are from a low-resolution
ion trap MS. A complete listing of peptide and protein assignments is provided in
supplementary information (Table SI). Below we focus our attention to example proteins that
have distinct patterns of expression as a function of age.

analyses

From the information listed in Table S, relative abundances of proteins were determined using
peptide hits information. Here peptide hits is analogous to spectral counts which refers to the
number of MS/MS spectra that lead to confident identification of a peptide. In this manner,
there may be multiple peptide hits for a single or several peptide sequences belonging to an
individual protein. This approach does not provide absolute quantitative information but rather
relative abundance information whereby generally speaking, the more peptide hits a protein
has the more abundant it is in these analyses. For each of the time point samples at either 28
or 18 °C, the number of peptide hits for a specific protein is equivalent to the total sum of
peptide hits detected for all identified peptide sequences across triplicate RP LC-MS/MS
analyses of each the SCX fractions. Because of the sampling issues associated with data-
dependent ion trap MS analyses, we report the sum of peptide hits obtained across replicate
RP LC-MS/MS analyses. When doing comparative analyses of the data, we normalized peptide
hits (e.g., total number of peptide hits for individual protein/total peptides hits across all
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proteins detected at a particular timepoint) in order to minimize differences that may result due
to errors in sample preparation and data dependent analyses. Peptide hits data is provided in
Tables S1 and S2.

Example data of protein expression as a function of chronological age

Figure 2 shows the number of peptide hits (without normalization) obtained for larval serum
protein 2, punch, and CG32029. Each of these proteins has peptides that are detected in 2-day-
old adult Drosophila; however, as the animals grow older no peptide hits are detected at other
ages. Moreover, this rapid decrease in expression in early adulthood is observed in both the 28
and 18 °C datasets. Larval serum protein 2 is suggested to be involved in amino acid storage
which is necessary for the production of adult cuticle and has previously been shown to be
expressed at lower levels in early aged adults relative to the third instar larval stage. 23:24 In
general, our findings are consistent with these previous reports although one report detects an
additional larval serum protein 2 constituent in gel bands of animals up to 20-days-old.23 The
punch gene encodes an enzyme, guanosine triphosphate cyclohydrolase, that functions in the
biosynthesis of pteridines which are involved in the synthesis of neurotransmitters and serve
as eye pigments in Drosophila.2>26 We have previously observed similar patterns of protein
expression for larval serum protein 2 and punch in other proteomics experiments performed
by our lab.27:28 CG32029 is a structural constituent of cuticle in the larval stagel” and to-date
measurements of protein expression in adults have not been noted.

Figure 3a shows the relative abundances of six example proteins as a function of fly age (in
days since eclosure) at each temperature. These plots can be examined by considering the
overall trend in protein abundance with age. For example, the proteins myosin and aconitase
appear to have slight fluctuations in expression over the course of adulthood at each temperature
but remain at a relatively constant level with age. On the other hand, the proteins drosocrystallin
and odorant binding protein 44a (Obp44a) show a distinct decrease in relative abundance as
flies grow older whereas transferrin 1 appears to have a steady increase in relative abundance
at each temperature. A rather variable pattern is observed for the hu li tai shao protein which
has alternating cycles of decreased and increased expression throughout adulthood.

Although these proteins display an overall similar change in expression for each temperature,
the timing associated with these changes differs as a function of chronological age. For
example, at 56 days no peptide hits are detected from Obp44a in the 28 °C population although
there is still expression in the 18 °C population. While it would be typical to state that this
protein is down regulated in the 28 °C population, the age-related comparison is somewhat
skewed. At 56 days, more than 90% of the population is alive at 18 °C whereas less than 2%
of the population is alive at 28 °C (Figure 1). Thus, comparisons of protein expression as a
function of time (in days) are somewhat misleading and partially limit understanding of the
overall aging process in Drosophila. A more reasonable comparison is to assess differences in
expression of individual proteins as a function of population lifespan. Such a comparison may
provide insight to similar mechanisms of aging at both temperatures.

Example data of protein expression as a function of population lifespan

The relative abundances for the six aforementioned example proteins can also be considered
as a function of lifespan [(i.e., the fraction of animals no longer living as estimated from Figure
1), data not shown]. In order to account for differences that may arise due to errors introduced
during sample preparation or during MS/MS sampling, the peptide hits data were normalized
for comparisons across timepoints and temperatures. The data provide evidence that these
proteins have overall similar patterns in expression at each temperature. For example,
drosocrystallin has an initial sharp decrease in relative abundance at both temperatures and
then displays an increase when ~11% of the population is dead. A more substantial increase is
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observed at 18 °C than at 28 °C before expression declines again and levels off at each
temperature. In the case of the hu li tai shao protein, the overlap in expression between the two
temperatures is rather remarkable. An initial decline in abundance is observed in early
adulthood, and then an increase occurs until a peak in expression is obtained when ~55-60%
of the population is still alive. This protein then has another sharp decrease and increase in
expression towards the latest survival times. Overall the profile patterns of the proteins shown
in Figure 3 are very similar at each temperature, suggesting that mechanisms of aging are
similar at each of the temperatures

Biological processes of proteins with similar expression patterns at each temperature

Overall, the expression profiles of proteins in these studies are highly dynamic in nature;
however, many proteins exhibit similar temporal patterns of expression at 28 and 18 °C.
Because we are most interested in the age-related expression on an individual protein basis,
we manually inspected proteins that were detected with high confidence (MASCOT scores
with p<0.05) and relatively high abundance (i.e., at least ten peptide hits detected at any single
age across both temperatures) for similarities at 28 and 18 °C. We note that while clustering
of the data may provide general information about families of proteins, delineating the
mechanisms of aging can best be gained by studies that provide leads to individual molecules
that require further investigation. In addition, the data are provided as supplemental information
(Table SIl) so that protein changes may be assessed by others as desired.

Table 11 lists 33 proteins that have overall superimposable patterns in expression at both 28
and 18 °C when plotted as a function of population lifespan. We note that this small number
of proteins in relation to the 668 total proteins identified, were extracted based on confidence
in identification resulting from being considered as relatively abundant proteins (i.e., at least
10 peptide hits at any one time point). It is apparent that these proteins are associated with a
variety of biological processes utilizing GO information. Many of the proteins have multiple
associations, thus their expression profiles may be reflective of the sum of the different
biological functions that are carried out during adulthood. In assessing the trends for the 21
proteins that have metabolic functions it appears that the expression patterns primarily are
constant or variable as the animals age (Table SII). Thus, no distinct decrease or increase in
relative abundance for the entire group of metabolic proteins is evident.

In several cases, proteins listed in Table I, display a distinct trend in protein expression with
age (Table SII). For example, two proteins involved in localization, porin and odorant-binding
protein 44a (Figure 3), appear to continually decrease in expression with increasing organism
age. In addition, transferrin 1 (Figure 3), which is involved in both defense response and
localization, has an overall increase in relative abundance over the course of adulthood. The
two heat shock proteins (hsps), hsp70 and hsp83 are associated with categories such as cell
communication, defense response, development, localization, metabolism and reproduction.
Interestingly, hsp70 increases with organism age whereas hsp83 has an overall decrease in
expression with age. These patterns are similar for both of the temperatures investigated. It has
been previously reported that hsp70 protein expression increases in the thoraces of old
Drosophila at both 25 and 29 °C; although no increase in expression was detected in the heads
of animals.2%:30 This could be because the expression of the protein was in too low of an
abundantzzg to detect by Western analysis; no spots were visible on the gels from young or old
animals.

Evidence for temperature-dependent expression patterns

In assessing the temporal patterns of expression for proteins identified in these studies, two
proteins displayed drastically different expression patterns at the two temperatures
investigated. Figure 4 shows that the protein ferritin 2 light chain homologue decreases in
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expression in animals by day 22. However, the relative abundance continues to increase in the
28 °C population while it decreases in expression in the 18 °C population. This protein is
suggested to be involved in iron ion transport (as inferred from gene ontology information).
17 while ferritin 2 light chain homologue protein expression has previously been observed in
all stages of development,31 changes associated with age in adult Drosophila have not yet
been reported.

The larval serum protein 1 is detected at multiple ages in the population of animals that were
aged at 28 °C ; no expression is detected in animals aged at 18 °C. We note that this protein
was detected with a total of 59 unique peptide hits (there were also an additional six nonunique
hits detected that overlap with larval serum protein 1y) across all ages at 28 °C. Thus, it is a
rather abundant protein in these experiments. This protein is suggested to be involved in
nutrient storage and the formation of adult cuticle, and is known to be expressed only in the
third instar larval stage.24:32:33 Aging studies of larval serum protein 1p in adult animals have
not previously been reported. That larval serum protein 1 is detected in animals over a range
of ages suggests that this protein may have differential regulation in adult Drosophila. In
addition, that we detect expression only in the 28 °C animals and not in the 18 °C animals, may
suggest that there is a temperature-dependent regulation of this protein. While we speculate
that this may be associated with elevated stress levels in 28 °C populations, further studies are
necessary in order to validate this hypothesis.

Conclusions

Lifespan measurements for Oregon-R males were consistent with previous reports in the
literature such that Drosophila has a longer lifespan at 18 °C than at 28 °C. To our knowledge,
this is the first report that has assessed proteome profiles in the heads of Drosophila as a
function of age and temperature. Many proteins involved in metabolism, defense response,
localization, development, and cell communication displayed similar patterns of expression at
both temperatures. These results corroborate the idea that some biological pathways are
conserved with aging in adult Drosophila and provide evidence for preprogrammed expression
for certain proteins with aging. Two proteins (i.e, ferritin 2 light chain homologue and larval
serum protein 1) had distinct temperature-dependent differences in expression. This insight
is useful for determining mechanisms that increase the rate of aging and that influence organism
lifespan.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Survival curves for Oregon-R male populations at 28 °C (m) and 18 °C (e). The curves shown
represent cumulative results from twenty independent trials (see Table I).
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Figure 2.
Plots of the number of peptide hits (without normalization) as a function of Drosophila age (in

days since eclosure) for larval serum protein 2 (FBgn0002565), punch (FBgn0003162), and
CG32029 (FBgn0052029 at 28 °C (m) and 18 °C (e).
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Figure 3.

Relative protein abundance as a function of a) Drosophila age, defined here as days since
eclosure as estimated from Figure 1. The normalized number of peptide hits is plotted on a
relative abundance scale of 0 to 1, where 1 represents the maximum number of normalized
peptide hits obtained across all ages at both temperatures for individual proteins. Relative
abundances at 28 °C (m) and 18 °C () are shown for the following proteins: myosin
(FBgn0002741), aconitase (FBgn0010100), drosocrystallin (FBgn0005664), Obp44a
(FBgn0033268), transferrin 1 (FBgn0022355), and hu li tai shao (FBgn0004873).
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Figure 4.

Relative protein abundance as a function of a) Drosophila age, defined here as days since
eclosure. The normalized number of peptide hits is plotted on a relative abundance scale of 0
to 1, where 1 represents the maximum number of normalized peptide hits obtained across all
ages at both temperatures for individual proteins. Relative abundances at 28 °C (m) and 18 °C
(e) are shown for ferritin 2 light chain homologue (FBgn0015221) and larval serum protein
1B (FBgn0002563).

Mech Ageing Dev. Author manuscript; available in PMC 2011 September 1.



1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

1duosnue Joyiny vd-HIN

Robinson et al. Page 14

Table |

Mean Lifespan of Oregon R males.

28°C 18°C

Trial@ NP x+cC NP x+a
1 49 47+13 49 115+40

2 50 50+8 48 86+35
3 50 44+11 51 114+40
4 50 46+11 50 128+46
5 50 3549 48 132433
6 50 47+11 50 120+25
7 50 53+8 51 113+33
8 58 49+13 51 117439

9 50 50+8 39 99+32
10 50 50+12 50 114+31
11 49 46+10 49 122439
12 50 36x11 49 103+18
13 49 51+6 49 117+37

14 49 50+9 46 89+40

15 50 46+12 50 83+25
16 49 50+6 50 110+29
17 50 49+8 50 118+40
18 50 49+10 43 11821
19 50 50+7 50 113+23

20 50 49+7 50 98+23

Total  10903d  47+138 o73d 1114388

aEach trial is in an independent measure that was initiated at the same time.
bThe total number of flies (N) measured in each cohort.

CThe mean lifespan (X) +standard deviation (o), in days.

dThe total number of flies measured across all cohorts.

eThe weighted average +pooled standard deviation, in days, for each genotype.
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List of proteins that have similar expression patterns when scaled to lifespan.2

Table Il

Page 15

Descriptionb FBgn no.¢ Biological processd

alcohol dehydrogenase FBgn0000055  defense response, localization, metabolism

aldolase FBgn0000064  development, metabolism

arginine kinase FBgn0000116  metabolism

abnormal wings disc FBgn0000150  development, localization, metabolism

elongation factor 2b FBgn0000559  metabolism

enolase FBgn0000579  metabolism

bangles and beads FBgn0001090  development

glutamate dehydrogenase FBgn0001098  metabolism, reproduction

heat shock protein 70 FBgn0001219  cell communication, defense response, development, localization metabolism
heat shock protein 83 FBgn0001233  cell communication, defense response, development, metabolism reproduction
larval serum protein 2 FBgn0002565  localization

malic enzyme FBgn0002719  metabolism

myosin heavy chain FBgn0002741  development

Na,K ATPase o subunit FBgn0002921  development, localization, metabolism

neither inactivation nor afterpotential C ~ FBgn0002938  cell communication, defense response, localization, metabolism
paramyosin FBgn0003149  development

a-spectrin FBgn0003470  cell communication, development, metabolism, reproduction
a-Tubulin at 84B FBgn0003884  defense response, localization, metabolism

porin FBgn0004363 localization

hu li tai shao FBgn0004873  development, localization, reproduction

drosocrystallin FBgn0005664 NS

aconitase FBgn0010100  metabolism

bellwether FBgn0011211  development, localization, metabolism

aldehyde dehydrogenase FBgn0012036 metabolism

14-3-3¢ FBgn0020238  cell communication, defense response, development
transferrin 1 FBgn0022355 defense response, localization

odorant-binding protein 44a FBgn0033268 localization

CG4784 FBgn0036619 NS

CG4169 FBgn0036642 localization, metabolism

CG7433 FBgn0036927  metabolism

CG11963 FBgn0037643  metabolism

CG7217 FBgn0038570 NS

CG7998 FBgn0038587  metabolism

a Lo . . . . . .
Proteins in this list have similar expression patterns as a function of population survivorship at both 18 and 28 °C.

bThe name of the protein, gene, or computed gene (CG) number provided is given as a description of the identified protein.

CThe Flybase gene number (FBgn no.) was obtained from the Flybase database.

The biological processes associated with proteins utilizing gene ontology (GO) information. Proteins were grouped into broad categories. NS
represents those proteins for which a process was not specified.

Mech Ageing Dev. Author manuscript; available in PMC 2011 September 1.



